Introduction
Over the past 30 years, there have been numerous randomized clinical trials to evaluate the impact of medications, procedural therapies, and management strategies on outcomes in patients with cardiovascular disease. In general, these trials have relied on traditional methods for identification and recruitment of patients using research nurses, which can be resource-intensive. In an era of big data and pragmatic clinical trials, more efficient and cost-effective approaches are needed [1] . The construction of cardiovascular disease cohorts from administrative systems could facilitate identification of a potentially large segment of patients willing to participate in future research. Furthermore, future studies could focus enrollment on populations often underrecruited in cardiovascular clinical trials; for example, women and minorities. However, broad definitions of coronary heart disease are often not validated in large administrative databases [2] [3] [4] [5] . [6] . Thus, starting with a broad cardiovascular disease population seen in clinical practice is likely to be an effective strategy in engaging a broader, more diverse pool of research participants. To this end, PCORI funded 13 Clinical Data Research Networks (CDRNs) to build infrastructure for comparative effectiveness research and pragmatic clinical trials. Each CDRN was tasked with developing a cohort for a common condition, a rare condition, and one for weight-related research [7] [8] [9] . Here we describe the identification, recruitment, and enrollment of the MidSouth CDRN common condition cohort of patients with Coronary Heart Disease (CHD). We present their sociodemographic characteristics, health status using patient-reported outcome measures, and willingness to participate in research.
Methods

Setting
At the time of this study, the Mid-South CDRN was comprised of Vanderbilt University Medical Center (VUMC), the Vanderbilt Health Affiliated Network (VHAN), and Greenway Prime Research Network. VUMC is a tertiary care academic medical center in Nashville, TN, which includes large cardiology and primary care practices. The VHAN is a clinically integrated network which includes more than 40 hospitals and 300 ambulatory practices, with an estimated reach of more than 3 million patients in the Mid-South area. Greenway Health provides electronic health record (EHR) and practice management software to more than 2000 sites around the country. For the present CHD cohort, only VUMC and nearby VHAN clinical sites were used.
CHD computable phenotype
We used the VUMC Research Derivative (RD) to develop a computable phenotype to identify a population of patients with CHD between January 2009 and 2014. The RD is one component of the PCORI Mid -South common data model database and is composed of clinical and related data derived from VUMC's enterprise data warehouse and restructured for research [10] . The RD includes data from the EHR, ORMIS (Operating Room Management Information System), scheduling systems, and medication prescribing and administration. Data types include inpatient and outpatient encounters, clinical notes and documentation, nursing records, medication data, laboratory data, and vital signs. Data may be structured (ICD-9 CM codes [11] ), semistructured (laboratory tests and results), or unstructured (patient summaries and physician progress reports). The medical record number, other person identifiers, and dates are preserved within the database. Patient vital status is derived from data available through the Social Security Death Index.
CHD computable phenotype definitions were developed using an iterative process, and a sample of 50 charts was reviewed by 2 physicians until consensus was achieved on the presence of coronary disease. 
Study sample
To identify a pool of potentially eligible patients, we applied the phenotype to patient records from VUMC, as well as patients seen by Vanderbilt cardiologists at nearby VHAN sites whose data were available in the RD. To increase the likelihood that identified patients would have accurate contact information on file and feel a greater sense of engagement with the medical center, we limited the search to patients with inpatient or outpatient clinical encounters within the last 5 years (January 2009 through June 2014). Two updates were performed to capture additional newly diagnosed CHD patients. Thus, the end search dates were modified to be through December 2014 and April 2015. We restricted the sample to patients aged 30 years or older, to exclude patients likely to have non-traditional (non-atherosclerotic) coronary conditions, including patients with congenital heart disease. We also excluded patients who had an unknown date of birth or sex, were receiving hospice care, or who had a recorded date of death at the time of the search. The institutional review board of Vanderbilt University approved this study. Study participants were enrolled between August 2014 and September 2015. All surveyed participants provided informed consent and were offered $10 for survey completion.
Study procedures
Patients who met the computable phenotype definition of CHD and had any form of contact with the VUMC health system were recruited for survey participation. Research assistants further excluded patients if the medical record reported impaired cognition (dementia or severe psychiatric illness), legal blindness, significant hearing loss, if the patient was unable to communicate in English, or, if after contact, the patient's illness severity rendered them unable to take the survey. The primary method of recruitment used by the 3 research assistants was face-to-face contact at scheduled cardiology or primary care visits. Research assistants (RA) approached a convenience sample of patients who had been identified by the CHD phenotype for inclusion. Additional methods included mailed letters with instructions on accessing the survey via web portal, mailed paper survey, and email with a link to the survey web portal. Telephone recruitment was used for patients who were missed at clinic visits. These different approaches were used to reach a broader pool of patients, including those who received care in satellite cardiology clinics, and to accommodate patient preference for method of survey completion. Additionally, patients could be referred for participation by another research team that was conducting a healthy weight survey (weight cohort). Patients could have been contacted multiple times using more than one method.
For face-to-face recruitment, trained staff reviewed VUMC cardiology clinic appointment schedules and approached patients with a CHD diagnosis. Patients who preferred not to complete the survey while in clinic were given the option to complete it via phone, mail, or through a link to the web portal by an email.
Among patients who did not have an upcoming visit or who received care at an off-site practice, we used two mail-based approaches. One involved sending patients a recruitment letter that informed them of the study and provided information about how to complete the survey via web portal or telephone. The second approach involved mailing a paper survey with a stamped return envelope.
Patients with an account to the patient portal, MyHealthAtVanderbilt [13] , received a general opt-in email to be contacted directly about research opportunities. Those who agreed were enrolled in MyResearchAtVanderbilt and each eligible patient was offered study participation if they fulfilled the CHD phenotype.
Patients who completed the survey by phone were typically those whom RAs had attempted to meet at a clinic visit, but missed for logistical reasons. RAs also performed follow-up telephone calls for recruitment at least once after mailing the recruitment letter or survey, or sending an email invitation. Patients had the option to complete the survey by phone at that time.
Survey measures
Depending on the mode of recruitment, surveys were administered to patients in-person on paper, in-person via tablet computer that accessed the web portal, by telephone (verbally), self-administered on paper, or self-administered via a web portal. In general, the survey took between 15 and 30 min to complete. The web-based survey was designed and distributed only in English using REDCap (Research Electronic Data Capture), a secure application for research [14] . Table 1 describes the survey domains. Many survey items were chosen based on the PCORI common data model and work of the Patient-Reported Outcomes Task Force, which recommended items for use across research networks. Others items for inclusion were selected by the research team. The survey was reviewed during a patient engagement studio for clarity and content.
Health status, behaviors, and habits
Health status of participants was measured using several items from the Patient Reported Outcomes Measurement Information System (PROMIS) Global Health Scale, which asks about general, physical, and mental health, and quality of life [15] . These items are scored on a 5-point scale ranging from excellent to poor. Self-reported problems during the last 7 days related to fatigue, depressive symptoms, pain, and sleep were also assessed. The 2-item Perceived Health Competence Scale (PHCS-2) summarized patients' ability to manage their health and problem-solve [16] .
Medication adherence was queried with a single item that normalized the occurrence of missed medication doses by asking "how many days in the past week did you miss taking one or more of your prescription medicines?" Additional questions assessed aspirin and anticoagulant use.
A detailed measure of physical activity was obtained by using the 7 item short International Physical Activity Questionnaire [17] . This questionnaire has four domains: leisure time physical activity, domestic and gardening (yard) activities, work-related physical activity, and transport-related physical activity. Physical activity was scored on three levels: low (no activity), moderate (3 + days at vigorous intensity, 5 + days at moderate intensity, or 5 + days combining walking, moderate and vigorous intensity), or high (3 + days of vigorous intensity or 7 + days of combining walking, moderate and vigorous intensity).
Tobacco use was measured using 11 items from the National Adult Tobacco Survey [18] . These items included past and current smoking status, number of cigarettes per day, and the use of smokeless tobacco [20] . Individuals were asked: "In general, how healthy is your overall diet?" The Healthy Eating Index-2010 is a reliable and valid measure that distinguishes the healthfulness of diets [21] and yields comparable results to longer assessments of 24-h dietary recall [22] . Responses occurred on a 5-point scale from 1 "poor" to 5 "excellent."
Access to medical care
Access to medical care was assessed using 8 items from the National Health Interview Survey [23] , which asked about satisfaction with medical care and common reasons patients might choose to delay getting healthcare.
Research interest and trust
A set of items asked participants about their prior participation in research, interest in participating in future research, and preferred mode of contact. Questions asked about specific types of studies (survey, behavioral study, blood draw, medication trial, overnight hospital stay). Patients were also asked to rate their trust in different sources of medical information, ranging from magazines to physicians and health agencies. In preparation for launch of the ADAPTABLE trial, patients were given a brief description of the study and asked if they would be interested in participating and willing to change aspirin dose if it was ok with their doctor.
Socio-demographics, health literacy and numeracy
The survey also included 7 items on socio-demographic characteristics including number of people in the household, marital status, level of education, household income, gender, employment, and race and ethnicity. Health literacy was assessed using the 3-item Brief Health Literacy Screen [24] which asks patients to rate their confidence level with reading health information, completing medical forms, and learning new information. Each item is scored on a 5-point scale.
Adequate health literacy was defined as a score of > 9 [25] . Numeracy was measured using a shortened 3-item version of the Subjective Numeracy Scale [26] , which asks patients about their use of numerical data and calculations. Each item is scored on a 6-point scale, yielding a scale range of 6-18 [27] . Adequate subjective numeracy was defined as 10 or higher.
Statistical analysis
Using descriptive statistics, proportions, means, standard deviations, and ranges, we examined characteristics of participants and nonparticipants. To be included in the analysis, respondents should have completed ≥70% of the survey questions. For the sample that Fig. 1 . Flow of participants.
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completed the survey, we report participant responses to their self-reported health collected using the PROMIS measures and examined their distributions in relation to socio-demographics using Pearson's chisquared comparisons of proportions. We also report patient willingness to participate in a trial about optimal aspirin dose.
Results
Identification of participants
A total of 32,550 patients met the CHD phenotype criteria. Because of staffing limitations, the study staff attempted to contact a sample of 5517 patients, and the remainder was not contacted. Patients were contacted through face-to-face (convenience sample because of already scheduled visits), email (entire sample of patients with an available email) and mail contact (random sample of the remaining). The weight cohort consented 135 CHD patients. Of those attempted, 2170 (39%) could not be reached, and 812 were excluded because they declined screening or participation, were ineligible, or deceased. Of the 2670 patients who consented, 65 (2.4%) subsequently withdrew or were withdrawn from the sample for < 70% survey completion. Thus, 2605 participants remained in the CHD survey cohort with the following enrollment distribution: face-to-face (n = 926, 35.5%); phone call (n = 485, 18.6%); mail (n = 650, 25.0%); or online (n = 544, 20.9%) (Fig. 1). 
Participant characteristics
Patient characteristics, clinical data, and comorbidities extracted from the Research Derivative are shown in Table 2 . Survey participants and non-participants were predominantly reflective of the patients seen in VUMC portion of the MidSouth CDRN. Patients were white (85%), males (68%), with median age of 69 years (interquartile range [IQR] 61-76 years). Survey participants had more healthcare utilization than non-participants (median 17 visits vs. 8 visits in past 2 years); therefore, they more often had co-morbidities and medications recorded in their electronic health record. Almost 90% of the survey participants had aspirin recorded in their electronic health record and 40% had a record of other antiplatelet agents (clopidogrel, ticlopidine, aspirin/dipyrimidole, dipyrimidole alone, prasugrel, or ticagrelor). The proportion of survey respondents with adequate health literacy (83.2%) and subjective numeracy (84.3%) was relatively high, but approximately 1 in 6 participants had limited skills in these areas.
Health status
Only about 4% of respondents reported that their overall health or physical health was excellent. The majority (about 58%) reported that their overall health was good or very good, while about 40% reported that their general and physical health were fair or poor. More patients, however, reported that their quality of life was good to excellent (81%). Overall, among respondents, 23% reported that their mental health was excellent and 45% reported that in the past 7 days they had not experienced depressive symptoms. Limitations in physical health and function were commonly reported, including often or always having fatigue (25%), pain (38.7%), or sleep difficulty (19.7%) (Fig. 2) . With regard to perceived health competence, 83.2% of patients reported that they were "able to do things for my health as well as most other people." Despite this, 27.5% also reported that they strongly agreed with the statement "it is difficult for me to find effective solutions for my health problems." There were differences in health status by patient sociodemographics. Patients who were older than 65 more often reported excellent/very good general health (63% vs. 57%, prevalence difference [ . There were no major differences in general health, physical health or quality of life between participants who had more versus fewer healthcare visits. Patients who were hospitalized in the in the last two years reported poorer general health, physical health, and quality of life (Table 3) .
Future participation in research
Of the 2605 respondents, 32.8% stated that they would be very interested in future survey and behavioral research, 32.1% would be willing to donate a sample of blood and 10.6% were willing to participate in research if it involved an overnight hospital stay.
A sample (N = 1936) of patients were provided with a brief summary of the ADAPTABLE trial (including randomization of aspirin dose) IQR= Interquartile range; ACEI = angiotensin-converting enzyme inhibitor; ARB = angiotensin-receptor blocker. a Non-participants include those who were approached and declined and those who were not approached. b Each co-morbid condition was defined as present if there was 1 specified inpatient code, 2 specified outpatient codes separated by 30 days, 1 specified procedure code, or prescription for a medication defining that comorbid condition in the 730 days (2 years) prior to the search query.
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and asked if they would consider participating if it was "okay with your doctor." Most respondents said that they would consider participating (n = 1223 [63.2%]) and 15.6% reported that they weren't sure (n = 302). When asked about their willingness to change their aspirin dose, most participants reported that they would be willing to change (n = 1251 [64.6%]).
Discussion
A major focus of PCORI has been identifying strategies to accomplish effective and efficient recruitment of large populations of patients for participation in research, including pragmatic clinical trials. The identification of willing patients from clinical practice can be a challenge. Use of administrative datasets for common chronic conditions is becoming an increasingly popular strategy. In this study, our team was successful in approaching and engaging a large number of patients with CHD, many of whom were older and had a high comorbidity burden. The results of this survey provide insights into the "personome" [28] of a large community based cohort with CHD -that is, their sociodemographic, lifestyle, psychosocial, and functional characteristics. These patients were receptive to future research participation and a sizable majority of patients reported that they were potentially willing to participate in a pragmatic trial to test aspirin dosing effectiveness.
Clinical questions posed in effectiveness research and facing patients and clinicians can be difficult to answer. Traditional clinical trials are often criticized for being selective, while observational cohorts are limited in their ability to draw causality because of issues such as confounding by disease severity and indication. Identification and inclusion of a study population which is representative of the typical patients who seek care for a condition can help strengthen the generalizability of lessons derived from the results of future research studies.
By recruiting from a pool of patients who recently utilized our health care system, we achieved a high participation rate and enriched the sample with patients who often had multiple documented co-morbidities. More than 75% of patients had documented hypertension, almost 26% had a history of heart failure and 50% of the patient sample had been hospitalized in the past two years. Patients are often recipients of care based on extrapolation of clinical trial results or on the basis of expert opinion. PCORI seeks to recruit and evaluate important clinical questions among the general population, reflective of people who seek care in real world practice and who are often limited in their recruitment for traditional clinical trials because of their age, gender or comorbidities [29, 30] . The proportion of women with CHD recruited into this cohort was approximately 32%. Landmark studies of CHD including COURAGE [31] and the BARI 2D trial [32] only enrolled 15% and 29% of females, respectively. In contrast, only 7% of patients selfidentified as black, which is less than the general population and likely reflective of the population seeking care within our medical system.
Another important finding from this project, is that we observed differences in self-reported health status by age, sex and employment status. Despite the relatively limited physical health of our participants, the majority reported good quality of life. It has been described that patients with chronic diseases and older patients often use social comparison to compare themselves with others in relation to an outcome. Specifically, downward comparisons (comparing one's situation to another person's situation that is worse than one's own) and response shifting is a common strategy used in accommodating to one's chronic illness [33] . Given the cross sectional nature of this study it is difficult to ascertain if quality of life among respondents changed as a method of accommodating to CHD. We report a number of lessons learned that can influence future studies and patient recruitment. First, patients can effectively be recruited for research study participation using large administrative data that targets a condition of interest. When developing the phenotype, we tried to include general data elements that could be "exported" to other CDRNs and utilized the PCORI common data model. Second, it is important to update vital status in the recruitment database. As we attempted to contact patients who had been identified by the phenotype, we learned that incorporation of social security death index into our data warehouse has a "lag" which resulted in sending invitation letters to a number of participants who had recently died. Third, despite chronic illnesses and differences in health status, our patients also indicated a willingness to participate in future research. In anticipation of the ADAPTABLE study, PCORI's first attempt to leverage nationwide clinical data research network infrastructure in the performance of a large pragmatic clinical trial, our CHD cohort has identified a large population who seem open and amenable to the idea of participating in either survey based research or research that involves changing their aspirin dose if it were "ok with their doctor."
While our study has many strengths, there are also a number of limitations to consider. First, because of the available staffing resources, we reached out only to a convenience sample of patients who were followed in cardiology or primary care practices. Thus only 17% of the eligible pool of 32,550 patients was recruited. The trends and associations observed in our results may not be representative of the overall group of patients with CHD in the Vanderbilt health system, perhaps because of chance or because of unintended selection bias. Furthermore, we did not compare those who were true non-responders to the survey from those who were not approached; thus, there could also be differences within these groups that are difficult to separate. Second, the lessons that we have learned through the conduct of our phenotype development and survey deployment are derived from a single center and may not generalize to other regions of the country.
Third, while the preponderance of respondents did report a positive attitude to research and willingness to participate in a clinical trial of aspirin dosing, we are currently enrolling in this trial and find that actual willingness to participate may be lower. This may be due to the concept of participation in a hypothetical versus actual study.
Conclusion
In our CHD cohort study, despite participants' self-report of poorer physical health, they nonetheless reported very high levels of perceived health competence and quality of life. There were no differences in general health status by race and previous healthcare utilization, while there were differences by age, gender and employment status. Given that many patients report that they would be interested in future research participation, our results provide a guide and platform from which future research can work to recruit a mix of participants who are representative of the patients who seek care in our healthcare system.
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